Abstract: Alfalfa (Medicago sativa L) is traditionally sown in field without ridge and 14 furrow, in rain-fed semi-arid areas of Northwest China, and forage yields are normally 15 low because of drought, water loss and soil erosion. A field study was conducted to 16 determine 1) Monthly runoff efficiency and threshold rainfall for different ridge 17 widths (30, 45 and 60 cm), and mulched with different materials (common plastic 18 film, bio-degradable mulching film and manually compacted soil); and 2) the effects 19 of different ridge-furrow ratios (30:60, 45:60 and 60:60) (cm) all with 60 cm furrow width), respectively. For the same treatments, threshold 28 rainfall was 4.3, 4.3, 4.2, 3.0, 2.9, 2.8, 2.9, 2.9 and 2.8 mm. The field experiment 29
kg Alfalfa samples were dried in an oven at 105 for 1 h and then at 75 for a 235 minimum of 72 h to determine forage dry matter. Final Alfalfa forage yield was 236 determined by 2 approaches: (1) forage yield (FY 1 ) was based on furrow areas; (2) 237 forage yield (FY 2 ) was based on land areas of ridges and furrows. 238
Total actual evapotranspiration (ET, mm) for Alfalfa growing seasons and WUE 239 (kg ha −1 mm −1 ) of Alfalfa forage yield were calculated using following formula (Li & 240 Gong, 2002b) : 241 CMR, BMR and SR: ET=P +Re × P ×ℎ1ℎ2+ (W 1 -W 2 )
(1) 242 45 and CMR 60 , h 1 (cm) is ridge width, h 2 (cm) is furrow width,W 1 (mm) and W 2 248 (mm), are amount of soil water storage in 200 cm depth measured 1 d before sowing 249 and after the last cutting based on mean value from furrows and ridges for CMR, 250 BMR and SR, except for FP. Percolation and recharge from groundwater is negligible 251 in this region (Fabeiro et al., 2001) . 252 W 1 and W 2 are based amount of soil moisture stored. 253
Where θ is soil water content (%), H is soil layer thickness (cm); BD the bulk 255 density (g cm -3 ). 256
The effects of treatments were determined using compared means, one-way 257
Duncan's ANOVA procedure. 258 (Wang et al., 2015) . 266
The results revealed that around 65-69% rainfall was less than 5 mm. This is too small 267 to be utilized by crops, and the total amount of annual rainfall depends mainly on a 268 few large storms with over 10 mm of rainfall. higher than that in BMR, which was higher than that in SR, which was higher than 325 that in FP. sowing. There were 2 methods to calculate Alfalfa forage yields in Table 5. FY 1  358 reflected single plant productivity and FY 2 reflected land productivity. FY 1 was 359 always higher than FY 2 . FY 1 for RFRWH was significantly higher than those for FP 360 in both years. The following discussion on forage yields was based on FY 2 . In 2012 361 the contribution rates of the first cut to annual total forage yields were 54%, 50%, 362 52%, 52%, 55%, 58%, 58%, 55%, 57% and 58% for FP, SR 30 and BMR 60 ) and CMR, and BMR and FP. In 2013 forage yields for CMR and BMR 392 treatments were significantly higher than that for FP, which were significantly higher 393 than that for SR, and no significant differences were found between BMR and CMR. 394
Single plant production (FY 1 ) was promoted for SR, BMR and CMR, but land 395 production (FY 2 ) only increased in BMR and CMR. In 2012, average forage yield 396 decreased by 8%, 18% and 26% for SR 30 It is unnecessary to calculate optimum ridge-furrow ratio for SR treatment 423 because its forage yield (FY 2 ) was significantly lower than that for FP in both years.. because narrower ridges width resulted more precipitation be deflected to runoff. This 454 result confirmed that BMR and CMR had high rainwater harvesting effects on Alfalfa 455 growth and production. SR, however, had low rainwater harvesting effects, except 456 with high rainfall. Choice of optimum ridge width and suitable ridge-mulching 457 material depends largely on local rainfall, soil type and depth, land topography and 458 plant species. Ridge-mulching material should be simple and inexpensive, and 459 bio-degrade under natural conditions. In this region, because of high evaporation, 460 when rainfall is less than 5 mm, it cannot be absorbed by soil and therefore by plant 461 (Li, et al., 1999 respectively, over 2 years, and average threshold rainfall for SR, BMR and CMR were 467 4.3, 2.9 and 2.9 mm respectively, over 2 years. (Li et al., 2007) revealed that a rainfall 468 of less than 4-5.3 mm was not able to generate an effective runoff for SR, while a 469 rainfall of more than 1 mm could generate an effective runoff for CMR. 470
Mulched ridges served to be rainwater harvesting zones, while non-mulched 471 furrows served to be planting zones. Plant height, density, and coverage did not 472 distinctly affect topsoil temperature at furrow bottoms for all treatments. But 473 mulching materials of ridges affect distinctly topsoil temperature at ridge tops. and plant roots extended into ridge soil. Root dry matter, length, surface area, and 492 19 volume in furrow sides were higher than in mid furrow, which indicated that oats 493 grown in furrow sides are likely to produce higher forage and grain yields than it 494 grown in mid furrow (Li et al., 2014 In general, single plant productivity was significant higher for SR, BMR and 500 CMR than for FP, because this rainfall and organic matter was concentrated in 501 furrows. Compared with FP, CMR generated significantly high land productivity in 502 both years, while for BMR, and in 2012 land productivity was similar to that for FP 503 and in 2013 a significantly high. Land productivity for SR was significantly lower in 504 both years. We can conclude that ridges, mulched with bio-degradable mulching film 505 or common plastic film, improved runoff, infiltration depth of soil water, and soil 506 water retention of rainwater and runoff into furrows, and reduced soil evaporation and 507 wind speed. Deep infiltration of soil water reduces losses of evaporation in furrows 508 2013 for CMR. Bio-degradable mulching film was beginning to degrade after 75 days 514 in mid-June, but rainfall is usually low before June, so it performed a similar useful 515 function as common plastic film for early crop growth (Moreno & Moreno, 2008) . 516
Although Bio-degradable mulching film degraded earlier than common plastic film, 517 the trial indicated that bio-degradable mulching film had similar benefits on soil water 518 retention, soil temperature, and forage yield as common plastic film in both years. The 519 monthly runoff efficiency for SR was low and the highest for each year being 48% in 520 20 September 2012 and 25% in August 2013. Runoff in SR was generated by a few 521 larger high intensity storms. Ridges generated runoff and improved soil water storage, 522 but reduced planting area. This created a negative effect on forage yield, especially in 523 SR planting. Planting area for FP was twice that for SR 45 There is a tradeoff between ridge width reducing annual total forage yields, and 545 runoff from ridge increasing soil water content, single plant yield and WUE. 546
Optimum ridge width varied with the amount of rainfall, soil types, plant species, and 547 cultivation practices. Prior research (Wang et al., 2015) found that optimum ridge 548 21 width was 32-38 cm for CMR and 30-34 cm for BMR for oats in this region. This 549 experiment indicated that optimum ridge width was 35-36 cm for CMR and BMR for 550 Alfalfa in this region. This was a preliminary optimization because other criteria were 551 not taken into consideration when optimizing in the study: amount and intensity of 552 rainfall, slope, crop type, economics, soil characteristics, etc. Future study is needed 553 to investigate the optimum ridge-furrow ratio and suitable ridge-mulching material for 554 achieving the best environmental and economic benefit under different climatic 555 conditions, soil types and plant species using bio-degradable mulching materials such 556 as grass, hay, wood chips, wood fibers, straw in semi-arid areas of Northwest China. 557 558
Conclusions 559
Average monthly runoff efficiency (expressed as a ratio of runoff to rainfall 560 received during the same period) was 16%, 18%, 19%, 65%, 71%, 77%, 70%, 72% 561 and 79% for SR 30 respectively, over 2 years. For the same treatments, threshold rainfall was 4.3, 4.3, 4.2, 563 3.0, 2.9, 2.8, 2.9, 2.9, and 2.8 mm, respectively. In Alfalfa trials, ridge mulching 564 materials and ridge widths had distinct effects on topsoil temperature at ridge tops, but 565 not at furrow bottoms. The soil water storage in 140 cm depth at furrow bottoms 566 profile increased with increasing ridge width and in the order of CMR ≈ BMR > SR > 567 FP. Average forage yield decreased by 4%, 12% and 20% for SR 30 FP was the flat planting, and SR, BMR and CMR were ridges with manually compacted soil, covered with bio-degradable mulch film and with common plastic film, respectively. 
